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ABSTRACT 
Purpose. Substantiation of the mechanism of loading the preparatory mine working support to optimize its defor-
mation-strength characteristics based on the calculation of the stress-strain state of the “massif – support” system. 
Improving the cost effective technologies for fastening and maintaining the preparatory mine workings. 
Methods. The analysis of the elements interaction modes of the “massif – support” system has been performed by 
the two-parameter diagram for optimizing the deformation-strength characteristics of the rock massif and the pre-
paratory mine workings support using the research results of the stress-strain state of a system by means of finite 
element method. A comparison has been made of computational experiment with mine instrumental observations. 
Findings. The geomechanical model of the computational experiment on the choice of operation modes of the fas-
tening system, as well as the methodology of the approach to optimize the process of interaction between the massif 
and the support have been substantiated. The analysis of search patterns for the rational deformation-strength charac-
teristics of the fastening system in the preparatory mine working, taking into account the influence of the main geo-
mechanics factors on this process, has been developed and performed. 
Originality. The patterns have been established of the geomechanics factors influence on the choice of rational ope-
ration modes of the load-bearing elements of the fastening system and the support in general based on research of the 
stress-strain state of the “massif – support” system. The optimization principles of interaction based on the analysis 
of a two-parameter interaction diagram have been substantiated. 
Practical implications. The wide perspective has been substantiated for strengthening the soft rocks in reusable 
preparatory mine workings with combined roof-bolting systems, which makes possible to realise the resource-saving 
conditions of maintenance. The calculations have been made with account of the optimization criteria for interaction 
of massif and support. 
Keywords: rock massif, preparatory mine working, support, deformation, loading, stability, geomechanics factors 
 
1. INTRODUCTION 
The studies, conducted on certain examples of the 
stress-strain state (SSS) calculation, have revealed the 
tendencies of relation between the diagrams elements state 
for maintaining the preparatory mine workings with the 
most influencing geomechanics factors (Bondarenko, 
Kovalevs’ka, & Cherednychenko, 2010; Kovalevska, 
Barabash, Husiev, & Snihur, 2018; Małkowski, Ostrowski, 
& Brodny, 2018). For each of them, the mining and geo-
logical situation of maintaining the drift can be divided 
into “favourable” (for example, the shallow depth of de-
velopment, increased rock hardness, etc.) (Małkowski & 
Ostrowski, 2017) and “complex”, which is characterized 
by the development of high rock pressure. In this regard, it 
is very important to find, assess and summarize the pat-
terns of change in rational operation modes (both for the 
fastening system as a whole and its separate elements) in 
the variation range of geomechanics parameters and the 
corresponding mining and geological situation from fa-
vourable to complex (Bondarenko, Kovalevs’ka, Svystun, 
& Cherednichenko, 2013; Arshadnejad, 2018). 
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On the basis of these patterns, a set of recommenda-
tions is being defined on the choice of a rational diagram 
for maintaining the extraction mine working with account 
of the predicted changes in the mining and geological 
environments along its length and in time of operation. 
The primary focus, as before (Bondarenko et al., 
2017; Kovalevska, Barabash, Husiev, & Snihur, 2018; 
Bondarenko, Kovalevska, Symanovych, Husiev, & 
Snihur, 2019), is on the parameters describing the fas-
tening system operation, that is, its deformation-strength 
characteristics q(u). With the use of concepts represented 
in (Kovalevska, Barabash, Husiev, & Snihur, 2018), an 
attempt to their further development was made in terms 
of search a rational function q(u) in the process of chang-
ing the mining and geological environments for main-
taining the preparatory mine working. 
2. THE STUDY OF INTERACTION WITH 
A HOMOGENEOUS MASSIF OF THE YIELDING 
SUPPORT IN A SINGLE MINE WORKING 
A diagram is constructed in Figure 1 of the loading 
factors development in the fastening system when its 
yielding property value is changed for two fixed envi-
ronments: favourable (the index “f”) and complex (the 
index “c”). The change in mining and geological envi-
ronments is conditioned by various geomechanics fac-
tors: transformations of the coal-bearing massif structure 
(Bondarenko, Kovalevs’ka, & Fomychov, 2012), the 
replacements of separate lithotypes (Symanovych, De-
mydov, & Chervatuk, 2013), areas of increased inflow of 
water (Sadovenko & Tymoshchuk, 2013; Ivšinović, 
2017; Menshov & Sukhorada, 2017) or intense fracturing 
(Bondarenko, Simanovich, Kovalevska, Fomichov, & 
Serdiuk, 2007; Kovalevska, Symanovych, & Fomychov, 
2013; Masny, Prusek, & Mutke, 2017; Lozynskyi, Saik, 
Petlovanyi, Sai, & Malanchuk, 2018); depending on their 
combination (Madziarz, 2015), there is a different degree 
of worsening in mining and geological environments. 
Several fixed positions have been considered (numbered 
in I – IV) of the process of the load formation on the 
fastening system (Fig. 1), which are different in value of 
its permissible yielding property uIy, uIIy, uIIIy and uIVy. 
The first position I is characterized by the fact that the 
permissible (or construction) yielding property uIy of the 
fastening system is less than the optimal value in favou-
rable environments (uIy < ufA), which is determined by the 
point of 1f and 2f lines intersection. The reduced yielding 
property of this fastening system predetermines the value 
PIf of load in favourable environments as the point of in-
tersection of 1f line and uIy vertical (Fig. 1). The value PIf 
is greater than the optimal PIA (or the minimum possible) 
and this excess is conditioned by the increased rigi-dity of 
the fastening system, which is confirmed by the examples 
represented earlier for calculating the SSS of fastening 
system (Bondarenko, Kharin, Antoshchenko, Gasyuk, 
2013; Bondarenko et al., 2017). The same examples show 
that when worsening the mining and geological environ-
ments (due to various factors), the state of more rigid fas-
tening elements becomes much more complicated up to 
loss of stability. Indeed, if to extend the vertical from 
u = uIy to the intersection with 1с line, then we obtain the 
load value PIc, which many times exceeds the value PIf. 
 
Figure 1. The search pattern for rational deformation-
strength characteristics of the fastening system 
when changing the mining and geological environ-
ments of mine working maintenance: 1f and 1с – 
the deformation-strength characteristics of the 
weakening massif on the mine working contour in 
favourable (f) and complex (с) mining and geologi-
cal environments; 2f and 2с – the deformation-
strength characteristics of the rocks of dome of  
natural equilibrium; I, II, III and IV – the permis-
sible yielding property of the fastening system 
Thus, the existing concepts of the influence of the de-
formation-strength characteristics of the fastening system 
on the process of its loading are in complete agreement 
with the SSS calculation results of the elements for main-
taining the preparatory mine workings (Bondarenko, 
Simanovich, Kovalevska, Fomichov, & Serdiuk, 2007; 
Tereschuk, Grigoriev, Tokar, & Tikhonenko, 2014; Ait-
kazinova, Soltabaeva, Kyrgizbaeva, Rysbekov, & Nur-
peisova, 2016; Masny, Prusek, & Mutke, 2017; Khaly-
mendyk, & Baryshnikov, 2018). 
The reduce in the load on the fastening system to the 
minimum possible value PfA (in favourable environ-
ments) involves an increase in the yielding property to a 
value uIIy = ufA determined by the point Af of intersection 
of lines 1f and 2f. The second position ІІ is optimal in 
favourable environments, as well as the deformation-
strength characteristics of the fastening system, which 
passes through the point Af. With the complication of 
mining and geological environments, an increase in the 
permissible yielding property of the fastening system is 
required: the optimal value ucA is determined by the point 
Ac of intersection of 1c and 2c lines. When restricting the 
yielding property by the value ufA, the loading on the 
fastening system (in complex mining and geological 
environments) increases many times to the value PIIc. 
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Here it is necessary to pay attention to the value of 
the load decrease in the range of the increase in yielding 
property from uIy to uIIy = ufA: in favourable environ-
ments, the difference PIf – PIIf is significantly less than 
the load PIc – PIIc decrease in complex mining and geo-
logical environments, that is, when worsening, the fas-
tening system is more sensitive to changes in the value of 
yielding property. 
The third position III is characterized by the yielding 
property uIIIy of the fastening system, which takes an 
intermediate value ufA < uIIIy < ucA between the optimal 
yielding property in favourable and complex mining-
geological environments. The load PIIIf in favourable 
environments is determined by the point of intersection 
of vertical u = uIIIy with 2f line, since the yielding proper-
ty of the fastening system has exceeded the optimal value 
ufA. Thus, the formed load PIIIf takes an intermediate 
position PfA < PIIIf < PIf, and the degree of its excess over 
the optimal load PfA is estimated at only several tens of 
percent. It follows that even in favourable conditions it is 
more expedient (from the point of view of load for-
mation) to increase the construction yielding property of 
the fastening system as compared with providing rigidity 
to its work (position I). This positive moment is in-
creased with worsening the mining and geological envi-
ronments for the mine working maintenance (Fig. 1). 
The value uIIIy is less than the optimal value ucA, so 
the load PIIIc is determined by the intersection of the 
vertical with 1c line. The value PIIIc is significantly lower 
than in positions I and II; the gap is also reduced between 
the load values in favourable and complex environments. 
In such a way, if to compare the positions of I, II, III with 
each other by a value of the load in complex environ-
ments, then the conclusion (PIIIc < PIIc < PIc) is evidenced 
about the preference for increased yielding property uIIIy 
of the fastening system. In combination with a moderate 
difference PIIIf – PfA, it is fair to say that the variant of 
increasing the yielding property of the fastening system 
is sufficiently competitive with a significant probability 
of complicating the mining and geological environ-
ments of maintenance along the length of the preparato-
ry mine working. 
The fourth position IV is characterized by the yiel-
ding property uIVy equal to the optimal value ucA for com-
plex mining and geological environments, which is de-
termined by the Ac point of intersection of 1c and 2c 
lines; the minimum possible load PIVc = PcA (Fig. 1) on 
the fastening system corresponds to it in these environ-
ments for the mine working maintenance. According to 
the load value PIVc, the value of yielding property uIVy is 
the most expedient, since there is the following ratio 
PIVc < PIIIc < PIc. On the other hand, while maintaining 
the mine working in favourable environments, the fas-
tening system with the yielding property uIVy takes up a 
load PIVf that exceeds insignificantly the value PIIIf, but is 
less than the value PIf (PIIIf < PIVf < PIf), corresponding to 
a decreased yielding property of the fastening system. 
Consequently, in the areas of mine working with more 
favourable mining and geological environments, the 
increased yielding property of the fastening system does 
not cause a significant increase in a load. 
Furthermore, it should be noted the reduction of the 
difference PIVc – PIVf in load values for complex and 
favourable environments while maintaining the mine 
working. Thus, the above analysis substantiates the con-
clusion on preference of the increase in yielding property 
of the fastening system in order to reduce the load in 
complex environments and eliminate the consequences 
of the probable worsening the mining and geological 
situation by the factor of its loading. However, the in-
crease in the yielding property of the fastening system 
has a clear boundary: it should not exceed the optimal 
value ucA for the complex environments of maintaining a 
certain mine working. The degree of complexity of these 
conditions is considered relatively favourable (standard) 
development of events and is predicted by aggregate 
influence of the main geomechanics factors on the acti-
vation of the rock pressure manifestations; that is, the 
difference between conventionally “complex” and “fa-
vourable” environments may be insignificant in one 
mining-engineering situation and, on the contrary, to be 
significant at a particular situation of maintaining the 
mine working. 
In this sense of the interaction patterns of the opera-
tion modes of the fastening system and the rock pressure 
manifestations, with a corresponding range of changes in 
geomechanics factors of the mine working maintenance, 
the further development of concepts has been made in 
terms of taking into account the inhomogeneity of the 
coal-bearing massif. 
The diagram of interaction of the mine working fas-
tening system with a weakening surrounding massif is 
constructed on the assumption about its homogeneity and 
the absence of the stope works influence. On the one 
hand, this diagram is necessary for the understanding of 
the general trends in the development of the interaction 
process, but, on the other hand, its improvement is re-
quired for accounting of: 
– the structure of coal-overlaying formation and me-
chanical properties of its lithotypes; 
– stratification, weakening and collapse of rock layers 
under the influence of rock pressure anomalies condi-
tioned by performance of the stope works. 
3. ANALYSIS OF THE INFLUENCE OF MINING 
AND GEOLOGICAL ENVIRONMENTS OF 
COAL-OVERLAYING FORMATION ON THE 
LOADING OF A SINGLE MINE WORKING 
First of all, on the diagram of a homogeneous massif 
(Fig. 2), an insight is provided into the thesis about the 
relativity of the difference between complex and favour-
able environments in terms of the interaction parameters 
of support and surrounding rocks. The diagram shows a 
family of lines (1ʹ, 1ʺ, 1ʺʹ and 2ʹ, 2ʺ, 2ʺʹ), characterizing 
the different intensity of the rock pressure manifesta-
tions, which corresponds to certain mining and geologi-
cal environments of mine working maintenance. These 
three pairs of lines make it possible to specify three vari-
ants of the change ranges in mining and geological envi-
ronments (YI, YII, and YIII) from favourable to complex 
(Figs. 3 and 4). 
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Figure 2. The diagram to the analysis of influence of the 
change ranges YI, II, III in mining and geological envi-
ronments on the parameters PI, II, III and uI, II, III of 
the fastening system of mine working, located in a 
homogeneous massif 
It has been substantiated before that with the quite 
expected variation of action of the geomechanics factors 
along the length of mine working, it is the most expedi-
ent (from the point of view of load minimization) to 
assign to the fastening system the value of yielding prop-
erty, which corresponds to the optimal value for the up-
per boundary (complex mining and geological environ-
ments) of the range of geomechanics factors fluctuation. 
These optimal values of yielding property uI and uII, III, 
which correspond to the coordinates of points Aʺ and Aʺʹ 
for all three change ranges in mining and geological envi-
ronments YI, YII and YIII, (Fig. 2). At the same time, the 
amplitude of geomechanics factors fluctuations (ranges YII 
and YIII) does not influence on the choice of a rational 
yielding property uII, III of the fastening system, if they 
have a common upper boundary on the complex environ-
ments parameters. Another conclusion is that the lower 
boundary of the intervals YI, YII and YIII (favourable envi-
ronments) does not influence on the choice of rational 
yielding property of the fastening system based on the 
following considerations. The 2ʹ line (load from the arch 
of ultimate equilibrium) is always located (along the verti-
cal coordinate P) below the 2ʺ line, which, in turn, is lo-
cated below the 2ʺʹ line. Therefore, if to consider, for ex-
ample, the vertical from the uII, III marker, then the mini-
mum possible load value PII, III (point Aʺʹ) will always be 
higher than the load determined by the points of intersec-
tion of this vertical with the lines 2ʺ and 2ʹ (Fig. 2). 
This conclusion emphasizes the significance of the 
upper boundary of the change ranges in geomechanics 
factors, but with account of the assumption about homo-
geneity of massif surrounding the mine working and the 
absence of the stope works influence. 
4. INTERACTION OF A SUPPORT IN THE 
PREPARATORY MINE WORKING  
WITH A HOMOGENEOUS MASSIF 
Accounting for the stope works influence intensifies 
the rock pressure manifestations and can be attributed to 
a number of factors complicating the mining and geolo-
gical environments of maintaining the extraction mine 
working. This is indicated by the normative document 
(Weijian & Genshui, 2017; Niedbalski, Małkowski, & 
Majcherczyk, 2018), according to which the dimensions 
of the dome of natural equilibrium and the load from the 
weight of rocks inside of it are constantly growing, as the 
longwall face approaches and recedes. This circumstance 
in the studied diagrams can be accounted for with anoth-
er line of family 2, located above the rest, which makes it 
possible to use the above arguments for the preparatory 
mine working, which is influenced by the stope works. 
As regard to the inhomogeneity of the structure of the 
coal-bearing stratum, it should be noted that accounting 
of it is possible in the described optimization approach 
with the modes of interaction between the fastening sys-
tem and the surrounding massif (Kuttykadamov, 
Rysbekov, Milev, Ystykul, & Bektur, 2016). However, 
the parameters of the families of lines 1 and 2 undergo a 
series of changes conditioned by the processes of stratifi-
cation and collapse of the roof rocks above the drift and 
in the mined-out space. 
Three variants of the roof rocks structure, significant-
ly different from each other, are considered: 
– a very thick and hard rock layer is depositing above 
the immediate roof, practically excluding the further 
development of displacement in the coal-overlaying 
formation (a bridge of rocks); 
– a quite hard rock layer with medium thickness is in 
the main roof; 
– the mostly thin layers with low thickness occur in 
the main roof. 
The results of the SSS research of the roof rocks struc-
ture (Fig. 5) are the basis for the diagram development of 
formation a load P1, 2, 3 on the fastening system of the pre-
paratory mine working in all three variants of the main roof 
rocks structure. This diagram is represented in Figure 6. 
For the first variant of the structure, the development 
of two factors (1 and 2 lines) of the fastening system 
loading is shown by full lines; their differences from a 
homogeneous massif are as follows. In the area with a 
low yielding property value u of the fastening system 
(respectively, with insignificant displacements of mine 
working rock contour), the 1 line (the pressure of rocks 
increasing in volume) is different from that for a homoge-
neous massif only in some fluctuations with respect to the 
main “smooth” function P(u), which describe the process 
of cracking and loosening of rock benches relatively each 
other throughout the thickness of the immediate roof.  
When the displacements uB1 have compensated for the 
increase in the volume of the immediate roof rocks (B1 
point), there was nothing left for loading the fastening 
system with yielding property uB1, since a very stable rock 
layer lies above (high thickness and high strength). 
Then the load PB1 decreases sharply, and a low 1 line 
inclination characterizes the insignificant displacements 
during bending a rigid rock layer of the main roof. 
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(a) (b) 
Figure 3. The fragments of state of the prefabricated drift in favourable mining and geological environments outside (a) and in 
the zone (b) of the stope works influence  
(a) (b) 
Figure 4. The fragments of the prefabricated drift state in complex mining and geological environments in the zone of the stope 
works influence: (а) flattening and plastic deformations of cap boards of the frame support; (b) destruction of the cen-
tral (wooden) prop stays of the strengthening support 
(a) (b) 
Figure 5. The fragments of curves of vertical (a) and stresses intensity (b) in the rock massif in the area of rock pressure stabiliza-
tion behind the longwall face with a sufficiently hard rock layer with medium thickness (averaged stability) 
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       a thick hard layer;      a relatively hard layer with medium 
thickness;        thin-bedded and soft layers with medium thickness 
Figure 6. The diagram of interaction of the fastening system 
in the preparatory mine working (in the zone of the 
stope works influence) with inhomogeneous coal-
overlaying formation when in the roof it is occur: 
1 – deformation-strength characteristics of the weak-
ening massif; 2 – deformation-strength characteris-
tics of the rocks of dome of natural equilibrium 
Therefore, according to the factor of pattern 1, the 
load on the fastening system can be almost completely 
avoided if its yielding property is slightly more than the 
value uB1; in this variant, the fastening system is com-
pletely protected by a very thick and hard rock layer of 
the main roof. 
The 2 line of the considered variant describes the for-
mation of the load from the weight of rocks inside of the 
dome of natural equilibrium. At insignificant displace-
ments u ≤ uB1, the function P(u) increases with low fluc-
tuations characterizing the process of loosening and col-
lapse of rock benches within the thickness of the immedi-
ate roof. When the dome of natural equilibrium reaches 
the surface of thick and hard lithotype of the main roof, its 
further development is practically stopped; the height of 
the dome is stabilized at the level of the immediate roof 
rocks thickness, which is identical to flattening the P(u) 
function of the 2 line to a position in parallel to the coor-
dinate u (Fig. 6). The point A1 of 1 and 2 lines intersection 
marks the optimal values of P1 reaction and u1 yielding 
property of the fastening system; respectively, the func-
tion of its deformation-strength characteristics q(u) should 
be adjusted so that it passes through A1 point. 
As can be seen from the diagram in Figure 6, the first 
variant of the main roof rocks structure is different in the 
formation of the lowest load P1 with an insignificant 
yielding property u1 of the fastening system, which is 
quite natural: the fastening system takes up the load only 
from the weight of the immediate roof rocks, and the 
overwhelming part of the rock pressure is taken up by a 
thick and hard rock layer of the main roof. 
Therefore, in such conditions, it is advisable to use a 
sufficiently rigid fastening system at a relatively low 
load-bearing capacity. The process of formation of a load 
on the fastening system in the second variant of the main 
roof rocks structure is reflected by 1 and 2 dashed lines 
in the diagram in Figure 6. The relatively hard rock layer 
with medium thickness, constituting the structure of the 
main roof, restricts to a certain extent the process of 
stratification and weakening of the overlying rocks; thus, 
the 1 line is located near the same 1 line for the previous 
variant of the main roof rocks structure. Nevertheless, the 
rigidity of a relatively hard layer in the second variant of 
the structure is much less than in the first variant (the 
decrease in rigidity is proportional to the squared thick-
ness): its own bending increases the lowering of the rock 
contour of mine working, to which some stratification of 
the overlying rocks is added due to the decreased rigidity 
of the hard layer. As a result, the displacements value uB2 
exceeds the value uB1, and the B2 point is located below 
the B1 point (Fig. 6). Even as for the 1 line, the situation 
is similar to the first variant of the roof rocks structure: 
the lowering uB2 has compensated for all the displace-
ments conditioned by stratification and an increase in the 
volume of not only the immediate roof rocks, but also the 
rock volumes occurring above a relatively hard layer 
with medium thickness.  
If the yielding property of the fastening system is not 
less than the value uB2, then a load PB2 is acting on it, 
which falls sharply (almost vertically in the diagram) with 
an insignificant increase in the yielding property. The 
segment B2C2 of 1 line characterizes the period when a 
relatively hard layer withstands rock pressure and, thus, 
‘slows down’ the stratification development in the overly-
ing massif. But, at a certain point of time, a load-bearing 
capacity of the relatively hard layer is not enough to with-
stand the weight of the rock cantilevers from the side of 
mined-out space, the formation of which is developed 
throughout the height of massif. This point of time corre-
sponds to C2 point: the relatively hard rock layer with 
medium thickness is being destroyed, the lowering of the 
roof rocks increases, including due to the weakening of the 
overlying massif, and this is reflected in the more flat 
segment of 1 line up to the horizontal axis of u coordinate. 
The 2 dashed line, which describes the development 
process of the dome of natural equilibrium, is also trans-
formed. At the initial stage of displacements develop-
ment, the 2 dashed line is close to the 2 full line, and its 
low amplitude fluctuations with respect to the smooth 
function P(u) are conditioned by the gradual loosening 
and loss of rock benches stability throughout the thick-
ness of the immediate roof rocks. Some shift of the 2 
dashed line to the left relative to the 2 full line is ex-
plained by the somewhat lowered rigidity of the hard 
layer (second variant of the structure) of the main roof, 
which loads the immediate roof and intensifies the occur-
rence of its unstable state. 
When the dome reaches the hard layer of the main 
roof, the load increment is practically stopped (for a 
given period of time, the relatively hard rock layer is in a 
stable state) and the 2 dashed line flattens almost in par-
allel to u axis. This load stabilization (by factor of the 2 
line) occurs up to the point (D2 point) when a load-
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bearing capacity of the hard rock layer is exhausted; its 
resistance is no longer enough to withstand the growing 
volume of overlying unstable rocks; a collapse happens 
relatively hard rock layer with medium thickness that 
causes a sharp increase in dimensions of the dome of 
natural equilibrium and load volume on the fastening 
system. After stability loss with respect to a hard rock 
layer, the development of a dome of natural equilibrium 
determines the process of gradual loosening and collapse 
of the overlying rock layers of the main roof, which is 
decaying and ceases at a certain height from the contour 
of extraction mine working. 
As before, the minimum of P2 load on the fastening 
system (with its yielding property u2) is determined by A2 
point of intersection of 1 and 2 dashed lines (Fig. 2). The 
P2 value is naturally higher than the P1 value, and the 
yielding property of the fastening system must be in-
creased (u2 > u1), which is connected with the occurrence 
in the main roof of a less stable relatively hard layer. The 
question arises here about the rationality of q(u) function 
of the deformation-strength characteristics of the fas-
tening system, which passes through the A2 point. On the 
one hand, the load P2 is minimal, but the collapse is ad-
mitted of a relatively hard rock layer with medium thick-
ness, as well as an activation of the growth of the dome of 
natural equilibrium. The development of rock pressure 
manifestations is ambiguous with the further maintenance 
of mine working, taking into account the action of both 
the rheological factor and other possible geomechanics 
phenomena that weaken the coal-bearing stratum. On the 
other hand, if to restrict the yielding property of the fas-
tening system, for example, by value uC2 < u2 (in order to 
prevent a collapse of a relatively hard rock layer), then its 
increased reaction PC2 > P2 will be required (Fig. 6). The 
solution to this controversial question was obtained when 
studying the mutual influence of the operation modes of 
fastening elements and the appropriateness of a two-level 
border and deep-earth strengthening of roof rocks with 
combined roof-bolting systems. 
The third variant of the main roof rocks structure, 
represented predominantly by a thin-bedded structure (1 
and 2 dot-and-dash lines), in terms of the modes optimi-
zation of interaction with a fastening system, is very 
similar to the previously considered optimization dia-
grams for a homogeneous massif. The differences are 
that 1 and 2 lines do not represent smooth functions P(u), 
but are a combination with low amplitude fluctuations 
around these smooth functions. These fluctuations are 
conditioned by gradual loosening and collapse of rock 
benches inside the layer, or the entire lithological differ-
ence as a whole. The pattern is such that the thinner the 
layers or rock benches subjected to collapsing, the small-
er the amplitude of 1 and 2 lines fluctuations and the 
higher their frequency. In the limit with a very thin-
bedded massif or its intense fracturing, the range of 1 and 
2 lines fluctuations is reduced to insignificant, and the 
optimization dependences themselves almost coincide 
with those for a homogeneous massif. 
Summing up the concepts about the modes optimiza-
tion of the interaction between the fastening system of the 
preparatory mine working and the laminal coal-bearing 
stratum in the zone of the stope works influence, the fol-
lowing should be noted. With regard to the mining and 
geological environments in Western Donbas, the thick 
and relatively homogeneous stratum (without evident 
stratification and with a large distance between the planes 
of weakening) of lithotype occurs in the main roof quite 
rarely. As for the strength characteristics, the hardest 
sandstone at best belongs to the category of rocks with 
medium strength (no more than 5 – 6 units by the scale of 
prof. M.M. Protodiakonov), but its thickness is restricted, 
as a rule, by several meters (SOU, 2007). Therefore, the 
first of the variants of the main roof rocks structure in the 
diagram of Figure 6 is not typical for the Western Donbas 
environments, but can be found in other geological and 
industrial regions. Thus, the first variant of the structure is 
not explicitly applicable, but a certain “intermediate” case 
between the first and second structure variants can be 
used for a general understanding of the mechanism for 
forming the load on the fastening system of mine work-
ing, as well as the principles of its minimization. 
The third variant of occurrence of predominantly 
thin-bedded roof structure is more common in the West-
ern Donbas environments, because of the fact that the 
rock layers with medium and higher thickness as part of 
coal-overlaying formation have an evident stratification 
inside the lithotypes and are easily divided into rock 
benches in the process of their displacement into the 
cavity of mine working and into mined-out space. The 
third variant of the structure is characterized by the max-
imum value of the optimal load P3 at an increased yield-
ing property u3 of the fastening system from the view-
point of its modes optimization of interaction with the 
surrounding massif. 
5. THE INFLUENCE OF THE HEIGHT 
OF LOCATION OF THE LITHOTYPE 
WITH MEAN STABILITY ON THE LOADING 
OF MINE WORKING SUPPORT 
The second variant of the main roof rocks structure 
takes an intermediate position and also has a sufficient 
distribution in the Western Donbas environments. Here, 
it is necessary to keep in mind two equivalent situations: 
the occurrence of either a relatively hard layer with me-
dium thickness, or a less hard but very thick rock layer 
with a large distance between the planes of weakening. 
In terms of the modes optimization of the fastening sys-
tem operation, the variants of its deformation-strength 
characteristics q(u) are possible, somewhat different from 
the optimal values P2 and u2, as it was described earlier. 
On the other hand, the occurrence of the rock layer with 
mean stability at a certain height from the mine working 
can be the reason for stopping the development process 
of the dome of natural equilibrium and the general stabi-
lization of the rock pressure manifestations. Therefore, in 
our opinion, it is expedient to specify (or detailing) the 
degree of influence of the height hi of location of the rock 
layer with mean stability (the second variant of the main 
roof structure) on the process of load formation on the 
fastening system. For this purpose, a diagram has been 
constructed of two factors of loading the fastening sys-
tem (1 and 2 lines) acting at different height hi of location 
of the rock layer with mean stability from the mine work-
ing contour (Fig 7). 
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          h1;        h2;        h3 
Figure 7. The diagram for assessing the influence of height hi 
of location of the rock layer with mean stability 
(h1 < h2 < h3) on the process of loading the prepara-
tory mine working: 1 – deformation-strength char-
acteristics of the weakening massif; 2 – defor-
mation-strength characteristics of the rocks of dome 
of natural equilibrium 
In the first case, the rock layer with mean stability 
occurs immediately above the immediate roof at the 
minimum height h1 from the mine working contour 
(1 and 2 full lines in Fig. 7). The line 1 characterizes the 
factor of stratification, weakening u, and ultimately, an 
increase in the volume of immediate roof rocks to B1 
point. This excess volume of rocks is compensated by the 
yielding property uB1 of the fastening system, and then an 
increase in displacements is insignificant, since the stud-
ied rock layer with mean stability takes up the rock pres-
sure from the overlying massif. Therefore, with minimal 
additional roof lowering, the load (along the 1 line) de-
creases sharply to C1 point, which characterizes the be-
ginning of the weakening process of the rock layer with 
mean stability, and then its subsequent collapse under the 
influence of increasing rock pressure. Again, it is neces-
sary to compensate for the growing additional volumes 
of weakening rocks from both the rock layer with mean 
stability and the overlying massif; the 1 line is flattening 
relative to the horizontal coordinate u. 
For this case, the full 2 line has the following charac-
teristic areas: 
– to a value of displacements uB1 (vertical line from 
B1 point), there is the development of a dome of natural 
equilibrium within the immediate roof thickness; 
– further to the D1 point, the development a dome of 
natural equilibrium is ceased, since the overlying rock 
layer is in a stable state; 
– after its stability disturbance (to the right from D1 
point), the increase in dimensions of the dome of natural 
equilibrium is resumed and the load from the weight of 
rocks inside the dome increases sharply. 
Therein, the coordinates (P1 and u1) of A1 point of 1 
and 2 lines intersection can characterize the formation of 
a sufficiently high optimal load P1, because the rock layer 
with mean stability, located close to mine working, has 
not performed its functions of at least partial protection of 
the fastening system from excessive rock pressure. With 
such a structure of roof rocks, it is possible to strengthen 
this rock layer with combined roof-bolting systems to a 
level providing maintenance of its stability (Fig. 8). 
 
(a) 
 
 
(b) 
 
Figure 8. The fragments of curve of stresses intensity of the 
fastening system in the preparatory mine work-
ing (а) and its state (b) when strengthening the roof 
rocks by the combined roof-bolting system 
In the second case of a more distant location of the 
rock layer with mean stability at a height h2 from the mine 
working contour, the 1 and 2 lines are indicated as dashed 
and are characterized by the following peculiarities 
(Fig. 7). Since a stable rock layer is at a greater distance 
from the mine working contour, then an increased volume 
of underlying weakening rocks creates an increased lower-
ing of the rock contour uB2 (B2 point on 1 line). Further, 
there is a sharp 1 line drop up to P = 0, since the value of 
an additional increase in the volume of weakening rocks is 
exhausted, and the rock layer with mean stability is in a 
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holistic state. Because of its greater distance h2 from the 
mine working contour, the volume of unstable overlying 
rocks decreases and the load from their weight cannot 
destroy the studied rock layer with mean stability; there-
fore, in this case, it performs the functions of partial pro-
tection of fastening system from the rock pressure. 
The dashed 2 line describes the increase in the dimen-
sions of dome of natural equilibrium until it reaches the 
coordinates of location of the rock layer with mean stabil-
ity. Then the increase in the dimensions of the dome is 
ceased, since the remaining part of the rock pressure is 
taken up by the rock layer with mean stability (the 2 line 
is in parallel to the horizontal axis u). In this case, the A2 
point of intersection of 1 and 2 lines is in a very ‘appro-
priate’ area of the load P decrease along the 1 line and 
load stabilization along the 2 line. As a result, the optimal 
load P2 is less than the optimal load P1, that is, the loca-
tion of the rock layer with mean stability at a greater 
height from the mine working contour is more expedient 
from the point of view of forming the minimum load on 
the fastening system in preparatory mine working. Fur-
thermore, a larger part of this volume is not involved in 
formation of a load on the fastening system with strength-
ening the rocks by roof-bolting inside of the stable dome 
of natural equilibrium; then, the 2 line will be located 
much lower and the load value P2 will be decreased many 
times. The question is to give an outline of set of condi-
tions when this effect of the reduced load P2 formation is 
present and to choose according to it the rational defor-
mation-strength characteristics of the fastening system. 
Finally, the third case assumes the most distant loca-
tion of the rock layer with mean stability (1 and 2 dot-and-
dash lines in Fig. 7), when the height of the dome of natu-
ral equilibrium does not reach its borders. For this reason, 
the degree of the layer stability does not influence on the 
process of the load formation, but mainly the thin-bedded 
structure of the roof rocks in its behaviour is similar to the 
behaviour of a homogeneous massif. In the studied case, 
the factors restricting the process of roof rocks displace-
ment do not act and therefore the value of optimum load 
P3 will be maximum. The differences in the behaviour of a 
predominantly thin-bedded structure are only in some 
periodic deviations (from the general pattern) conditioned 
by the gradual loosening and collapse of rock benches 
inside the layer or the entire layer as a whole. 
6. CONCLUSIONS 
Summing up the generalization results on the con-
cepts about the mechanism of formation of the load on 
the fastening system in terms of its rational deformation-
strength characteristics choice and the influence of the 
main geomechanics factors on this process, it is neces-
sary to focus on the following positions.  
The essence of the process for a homogeneous massif 
around a single mine working and a soft thin-bedded mas-
sif in the vicinity of preparatory mine working in the zone 
of the stope works influence is quite similar in terms of 
influence patterns of the two main trends (families of 1 
and 2 lines) of loading the fastening system. Moreover, in 
certain mining and geological environments, the qualita-
tive differences are minimal and conditioned by account of 
the gradual stratification and collapse of the lithotypes 
constituting the roof rocks structure. Therefore, the gained 
concepts about the operation modes optimization of a 
support in the single mine workings should be used for the 
same purposes, but in relation to the preparatory mine 
workings in the zone of the stope works influence. 
The patterns of geomechanics factors influence (on 
the choice of rational modes for the fastening system 
operation) create for the same mine working a certain 
range of changes in the interaction parameters with the 
surrounding massif, leading to a somewhat uncertainty of 
the optimization process of these parameters. The analy-
sis of the set of variants for rational values of load on the 
fastening system and its yielding property have been 
schematically substantiated by the principle of the load 
minimization as the equality of two factors of its for-
mation for the upper boundary of mining and geological 
environments characterizing the combination of the most 
unfavourable geomechanics parameters. The change 
range of geomechanics parameters and the corresponding 
mining and geological environments does not have a 
decisive significance, provided that the upper boundary 
is constant for development of 1 and 2 patterns in the 
formation of a load on the fastening system.  
The influence of the main roof rocks structure is as-
sessed as ambiguous: the predominantly thin-bedded 
structure and the variant of the closely adjacent relatively 
hard and thick rock layer at the initial stage of interaction 
with the fastening system behave differently, but in the 
process of further development of geomechanics pro-
cesses of displacement in the coal-overlaying formation, 
the 1 and 2 patterns approach each other. Here, of partic-
ular importance is the location of the rock layer with 
increased stability relative to the mine working arch; in a 
certain range of changes in geomechanics factors, the 
maintenance of the continuity of the layer with increased 
stability provides a decrease in the load on the fastening 
system. The use of peculiarities of the main roof rocks 
structure in order to minimize the load on the fastening 
system has a wide perspective in terms of strengthening 
of rocks with combined roof-bolting systems. 
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УЗАГАЛЬНЕННЯ ТЕНДЕНЦІЙ ВПЛИВУ ГЕОМЕХАНІЧНИХ ФАКТОРІВ НА ВИБІР 
РЕЖИМІВ РОБОТИ КРІПИЛЬНОЇ СИСТЕМИ ПІДГОТОВЧИХ ВИРОБОК 
І. Ковалевська, М. Журавков, В. Черватюк, О. Гусєв, В. Снігур 
Мета. Обґрунтування механізму навантаження кріплення підготовчої виробки для оптимізації її деформа-
ційно-силових характеристик на базі розрахунку напружено-деформованого стану системи «масив – кріплен-
ня». Удосконалення малозатратних технологій кріплення і підтримки підготовчих виробок. 
Методика. Аналіз режимів взаємодії елементів системи «масив – кріплення», виконаний за двопараметричною 
схемою оптимізації деформаційно-силових характеристик породного масиву і кріплення підготовчих виробок із 
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використанням результатів досліджень напружено-деформованого стану системи методом скінченних елементів. 
Проведено порівняння обчислювального експерименту з шахтними інструментальними спостереженнями. 
Результати. Обґрунтовано геомеханічну модель обчислювального експерименту з вибору режимів роботи 
кріпильної системи й методологію підходу для оптимізації процесу взаємодії масиву з кріпленням. Розроблено 
та проведено аналіз схем пошуку раціональних деформаційно-силових характеристик кріпильної системи під-
готовчої виробки з урахуванням впливу на цей процес основних геомеханічних факторів. 
Наукова новизна. Встановлено закономірності впливу геомеханічних факторів на вибір раціональних ре-
жимів роботи вантажонесучих елементів кріплення системи і кріплення в цілому на основі вивчення напруже-
но-деформованого стану системи «масив – кріплення». Обґрунтовано оптимізаційні принципи взаємодії на базі 
аналізу двопараметричної схеми взаємодії. 
Практична значимість. Обґрунтовано широку перспективу зміцнення слабких порід покрівлі підготовчих 
виробок, що повторно використовуються, комбінованими анкерними системами, яка дозволяє реалізувати ре-
сурсозберігаючі умови підтримки. Розрахунки виконано з урахуванням оптимізаційних критеріїв взаємодії 
масиву з кріпленням. 
Ключові слова: гірський масив, підготовча виробка, кріплення, деформаційно-силова характеристика,  
навантаження, стійкість, геомеханічні фактори 
ОБОБЩЕНИЕ ТЕНДЕНЦИЙ ВЛИЯНИЯ ГЕОМЕХАНИЧЕСКИХ ФАКТОРОВ НА ВЫБОР 
РЕЖИМОВ РАБОТЫ КРЕПЕЖНОЙ СИСТЕМЫ ПОДГОТОВИТЕЛЬНЫХ ВЫРАБОТОК 
И. Ковалевская, М. Журавков, В. Черватюк, А. Гусев, В. Снигур 
Цель. Обоснование механизма нагружения крепи подготовительной выработки для оптимизации ее деформа-
ционно-силовых характеристик на базе расчета напряженно-деформированного состояния системы «массив – 
крепь». Усовершенствование малозатратных технологий крепления и поддержания подготовительных выработок. 
Методика. Анализ режимов взаимодействия элементов системы «массив – крепь» выполнен по двухпара-
метрической схеме оптимизации деформационно-силовых характеристик породного массива и крепи подгото-
вительных выработок с использованием результатов исследований напряженно-деформированного состояния 
системы методом конечных элементов. Проведено сравнение вычислительного эксперимента с шахтными ин-
струментальными наблюдениями. 
Результаты. Обоснована геомеханическая модель вычислительного эксперимента по выбору режимов ра-
боты крепежной системы и методология подхода для оптимизации процесса взаимодействия массива с крепью. 
Разработаны и проведен анализ схем поиска рациональных деформационно-силовых характеристик крепежной 
системы подготовительной выработки с учетом влияния на этот процесс основных геомеханических факторов. 
Научная новизна. Установлены закономерности влияния геомеханических факторов на выбор рациональ-
ных режимов работы грузонесущих элементов крепежной системы и крепи в целом на базе исследования 
напряженно-деформированного состояния системы «массив – крепь». Обоснованы оптимизационные принци-
пы взаимодействия на базе анализа двухпараметрической схемы взаимодействия. 
Практическая значимость. Обоснована широкая перспектива упрочнения слабых пород кровли повторно 
используемых подготовительных выработок комбинированными анкерными системами, которая позволяет 
реализовать ресурсосберегающие условия поддержания. Расчеты выполнены с учетом оптимизационных кри-
териев взаимодействия массива с крепью. 
Ключевые слова: горный массив, подготовительная выработка, крепь, деформационно-силовая характери-
стика, нагрузка, устойчивость, геомеханические факторы 
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